Blueberry leaf may contain multiple compounds with beneficial effects. We conducted a 90-day toxicity study in rats to evaluate the safety of consuming the leaves of rabbiteye blueberry (Vaccinium virgatum Aiton; RB species). Powdered leaves were administered daily by oral gavage at doses of 500, 1000, and 2500 mg/kg body weight to male and female Sprague-Dawley rats for 90 days. Treatment did not result in death or changes in the behavior and external appearance of the animals. No alterations were observed in hematological and serum chemical parameters, urinalysis, food consumption, body weight gain, or absolute and relative organ weights at the end of the treatment period, with the exception of some leukocyte percentages in male rats treated with 500 and 1000 mg/kg blueberry leaf powder. The findings indicate that rabbiteye blueberry leaf is safe for consumption and should be investigated as a candidate functional food.
Introduction
Functional foods, also termed "superfoods", offer health promotion and disease prevention benefits. The consumption of berry fruits may prevent carcinogenesis, liver damage, obesity, and inflammation, improve eyesight, and prevent glaucoma [1] [2] [3] [4] . The active compounds in berries are flavonoids, mainly anthocyanins and phenolic acids/esters such as chlorogenic acid [3, 5, 6] . The leaves of berry-bearing plants, however, are typically ignored and discarded. Berry leaves may contain high quantities of bioactive ingredients such as phenolic acids/esters, flavonoids, and procyanidins [7] that exert anti-diabetic and anti-glycation effects [8, 9] . Our group has focused on rabbiteye blueberry (Vaccinium virgatum Aiton; RB species; Fig. 1 ). Previous investigations using extracts from the leaves of rabbiteye blueberry reported antihepatitis C virus, anti-hypertensive, hypolipidemic, liver lipid-lowering, adult T-cell leukemia-prevention, and insulin resistance-prevention activities [10] [11] [12] [13] [14] [15] . These findings indicate that blueberry leaves may be a candidate functional food.
In the tea industry, tea leaves are discarded as waste following hotwater extraction, although they still contain fat-soluble vitamins, proteins, water-insoluble fibers, and bioactive pigments, which are not easily extracted in hot water [16] . Consuming whole tea leaves rather than their hot-water extracts may therefore be more beneficial [17, 18] . To that end, the safety of consuming whole leaves must be established. Although safety data on berry leaf extracts from raspberry plants have been reported [19, 20] , information is limited about the safety of daily consumption of whole berry leaves. We therefore carried out a 90-day toxicity study of rabbiteye blueberry leaf (BBL) powder in rats.
Materials and methods

Chemicals
Carboxymethyl cellulose, isoflurane, and Triton X-100 were obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan). All other reagents were of the highest grade available.
(University of Miyazaki, Miyazaki, Japan). The fresh leaves were collected in July 2016 and immediately transported to a tea factory (Slow Life Too Inc., Miyazaki, Japan). BBL powder was produced from the leaves according to the traditional protocol for making Japanese green tea powder. Briefly, the sprigs were removed and the leaves were roasted in a heating cylinder adjusted at 300°C for 150-sec. The roasted leaves were macerated under room temperature for 20-min and then under hot-air (60°C) for 20-min, and dried in the rotary pot adjusted at 100°C. The yield was 33.3%. Following, the leaves were ground to a fine powder. The BBL powders were vacuum-sealed to prevent degradation by air and stored at room temperature.
Institutional approval of the study protocols
All procedures were conducted according to the guidelines for the care and use of laboratory animals of the University of Miyazaki (Miyazaki, Japan). The study protocol was followed the modified methods reported by some research groups [21] [22] [23] . In these reports, safety assessments of foods and dietary ingredients were evaluated. Additionally, they were modified methods according to the OECD 408 guideline "Repeated Dose 90-day Oral Toxicity Study in Rodents" [24] . The experimental protocols were registered under the number 2016-003-2.
Preparation of test solutions
BBL powder was suspended at concentrations of 500, 1000, and 2500 mg/10 mL of 0.5% carboxymethyl cellulose-containing deionized water. The solutions were mixed and sonicated for 1 min prior to administering a dose of 10 mL/kg body weight.
Animals and treatments
Forty 4-week-old Sprague-Dawley rats of each sex were obtained from Japan SLC (Shizuoka, Japan). The animals were housed singly in stainless steel cages (260 mm × 380 mm × 200 mm) at 23 ± 2°C, with 50 ± 10% humidity and a 12-h light/dark cycle (light: 9:00 AM to 9:00 PM) and free access to laboratory chow (MF; Oriental Yeast Company, Ltd., Tokyo, Japan) and deionized water. After 1 week of acclimatization, the animals were randomly divided into four groups. Three groups were orally administered the BBL solution once daily during the middle of the light period. Each group received either 2500 mg/kg (high dose), 1000 mg/kg (medium dose), or 500 mg/kg (low dose). The fourth group received 10 mL/kg of the vehicle.
Clinical and physiological observations
All animals were observed twice daily for mortality, general condition, and clinical signs. Any abnormal findings were recorded with respect to symptom, extent, severity, and date of detection. Body weights were measured daily, immediately prior to administration, and food consumption was measured three times per week. Water consumption was measured on week 12. The effect on the locomotor activity was also evaluated according to our previous reports [25] . Briefly, the rats were placed in open-field space (60 cm × 90 cm), and observed the locomotion and rearing frequency with in 5-min.
Urinalysis
Each rat was housed individually in a metabolic cage during week 10, and urine was collected over a period of 24 h. Urine volume was calculated using weight and density, analyzed by a urine specific gravity refractometer (MASTER-SUR/JM, Atago Co., Ltd., Tokyo, Japan). The color and turbidity were evaluated visually. Urinary glucose, total protein, and creatinine levels were analyzed using a DriChem 4000v chemistry analyzer (Fujifilm Co., Tokyo, Japan). Urinary pH was measured with a pH meter (LAQUAtwin pH-11B, HORIBA Ltd., Kyoto, Japan). Urinary hemoglobin was analyzed with a hemoglobin B test kit (Wako Pure Chemical Industries Ltd.)
Hematology and blood chemistry
On week 13, the rats were fasted for 12 h and blood samples were taken from the abdominal vein as far as our possible under anesthesia with isoflurane. A 2-mL aliquot was added to K2-EDTA Venoject tubes (VP-DK052K05, Terumo Medical Corp., Tokyo, Japan). The samples were then stored at 4°C and transported to LSI Medience Co. (Tokyo, Japan) for analysis of hematological parameters. Next, another aliquot of blood (6 mL) was added to Venoject tubes containing a procoagulant (VP-AL076 K, Terumo Medical Corp.) After staining for 30 min at 37°C, the serum fraction was obtained by centrifugation (1200×g, 10 min, 15°C) and stored at −80°C until analysis. Serum biochemical parameters were analyzed using a Dri-Chem 4000v chemistry analyzer.
Necropsy and organ weights
After blood collection, the following organs and tissues were evaluated macroscopically and any abnormalities were recorded: Adrenal gland, duodenum, epididymis, eyes, heart, ileum, jejunum, kidneys, liver, lungs, ovaries, prostate, pancreas, skeletal muscle, skin, spleen, stomach, urinary bladder, uterus, testes, thymus, and thyroid. The following organs and tissues were weighed: Adrenal gland, heart, kidney, liver, lung, spleen, thymus, thyroid, and mesenteric visceral fat. All collected tissues were fixed in 10% neutral buffered formalin.
Histopathology
Tissue samples identified as possibly abnormal were also subjected to histological processing. The fixed thymus samples were transferred to New Histo Science Laboratory Co., Ltd. (Tokyo, Japan). The samples were stained with hematoxylin and eosin and then evaluated by pathologists.
Determination of serum cytokine/chemokine and corticosterone levels
We used a multiplex biometric enzyme-linked immunosorbent assay containing a dye microsphere conjugate with a monoclonal antibody specific for each target protein according to the manufacturer's instructions (Rat Cytokine/Chemokine 10-Panel, RECYTMAG-65K-10, Millipore, Billerica, MA, USA), for the simultaneous detection and quantitation of interleukin (IL) 1α, IL-1β, IL-2, IL-6, interferon (IFN) γ, tumor necrosis factor (TNF) α, macrophage inflammatory protein (MIP) 1α, MIP-2, granulocyte colony-stimulating factor (G-CSF), and granulocyte-macrophage colony-stimulating factor (GM-CSF). Cytokine levels were determined using a multi-analyte profile with MAGPIX (Millipore). Serum corticosterone levels were determined with an enzyme immunoassay kit (Enzo Biochem Inc., Farmingdale, NY, USA). 
Statistical analysis
Statistical analyses were conducted using StatView for Windows (version 5.0, SAS Institute, Cary, NC, USA). One-way analysis of variance was used for groups stratified by sex. If significant, Dunnett's test for multiple comparisons was applied to compare the control and treatment groups. Results were considered significant if the probability of error was < 5%.
Results
Mortality and clinical signs
BBL powder was orally administered daily for 90 days. The treatment appeared to be well-tolerated. No rat died during the exposure period, and no clinical signs such as diarrhea, hair loss or aberrant locomotion were observed.
Body weight and food consumption
Body weight gain did not differ between male and female rats in the treatment and control groups throughout the study period (Table 1) . Mild, sporadic alterations in body weight gain were observed in male rats in the high-dose group on weeks 9 and 10. There was no statistically significant difference in food consumption between female rats in the treatment groups and control group, although significant changes were observed in male rats in the treatment groups on week 9 ( Table 2 ).
Hematology and blood chemistry
White blood cell (WBC) counts and eosinophil percentage significantly increased in the low-dose male group (Table 3) . Neutrophil percentage increased and lymphocyte percentage significantly decreased in the medium-dose male group. Other blood chemistry parameters in male groups and all parameters in female groups were not altered at the end of the 90-day exposure period.
Serum biochemistry assessment revealed significantly changes in aspartate aminotransferase activity and potassium amount in the male high-dose group (Table 4) . These changes were not observed in the female groups. Other parameters were not altered at the end of the 90-day exposure period.
Urinalysis
No significant variations in pH, total protein, or glucose levels were found by urinalysis in any treatment group (Table 5) . All values represent the mean (in grams) ± S.D. *Significantly different from the controls (P < 0.05, Dunnett's test). 
Necropsy
No visible alterations were associated with BBL treatment, with the exception of protruding teeth in one female rat in the control group. Sporadic findings included black spots on the spleen of some rats in the control and treatment groups; these findings were not associated with the dose.
Organ weights
There were no significant differences in absolute and relative organ weights between sexes or treatment groups, although thymus weights in both male and female rats tended to decrease as the BBL dose increased (Table 6 ).
Histopathology
Histopathological examination of the thymus did not reveal any changes in any group (Fig. 2) . Table 7 shows the serum levels of various cytokines and corticosterone in male and female rats following a 90-day BBL treatment. The Table 4 Serum biochemistry parameters in rats administered blueberry leaf powder for 13 weeks.
Serum cytokine/chemokine and corticosterone levels
Weeks
Dose groups (mg/kg body weight/day) Males (n = 10) Females (n = 10) All values represent the mean ± S.D. ALT, alanine aminostransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase. No significant differences were found between control and treated rats (P < 0.05, Dunnett's test). All values represent the mean ± S.D. HCT, hematocrit; HGB, hemoglobin; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; PLT, platelet; RBC, red blood cell; WBC, white blood cell.1One data was missing, because one blood sample was coagulated before analysis. No significant differences were found between control and treated rats (P < 0.05, Dunnett's test).
values measured for IL-1α, IL-1β, IFN-γ, MIP-2, G-CSF, and GM-CSF were below the detection limits in some animals and did not exhibit a dose-response relationship. Therefore, the data are given as the median (minimum-maximum). Notable alterations were not observed in any treatment group or either sex.
Discussion
Berry fruits such as blueberries are considered functional foods because of their high contents of natural antioxidants [26] . The leaves of these fruits have garnered attention as potential functional foods as well, although safety information on berry leaf consumption is limited [19, 20] . We conducted this study to evaluate the effects of consuming rabbiteye BBL powder. There were no deaths or changes in behavior or external appearance among the rats dosed daily with BBL for 90 days. No significant alterations in hematological and serum chemical parameters, urinalysis, food consumption, body weight gain, or absolute and relative organ weights were noted in any of the dose groups, with a few exceptions. Otherwise, some other parameters listed in OECD guideline [24] including weights of organs such as brain, spinal cord and lungs, and some behaviors such as functional observational battery were not evaluated in this study. Therefore, effects of consuming rabbiteye BBL powder on these parameters were remained as our future study for evaluation.
A reduction in food consumption and body weight gain were observed in the male high-dose group on weeks 9 and 10. In a previous study, male rats administered γ-aminobutyric acid exhibited a marked decrease in body weight gain and food consumption during the middle of the administration period [21] ; the researchers concluded that the finding was not toxicologically relevant because body weight gain at the end of the treatment period did not vary from the gain observed in the controls.
Higher white blood cell counts and eosinophil percentage were noted in the male low-dose group, and higher neutrophil percentage and lower lymphocyte percentage were noted in the male medium-dose group. An increase in white blood cell counts is recognized as immune stimulation, and typically occurs concomitantly with an increase in IL-1β and TNF-α production and a decrease in IL-6 production [27] . In our study, however, we did not observe alterations in cytokine/chemokine production after 90 days of daily treatment. Serum aspartate aminotransferase activity in the high-dose group decreased in both male and female rats. Both aspartate aminotransferase and alanine aminotransferase are secreted from hepatic cells into the bloodstream following liver injury [28] ; we did not observe changes in serum alanine aminotransferase activity in any of the dose groups. The findings did not indicate a dose-response relationship and were sporadic but not toxic.
A non-significant dose-response relationship was observed in Table 6 Absolute and relative organ weights in rats administered blueberry leaf powder for 13 weeks. All values represent the mean ± S.D. 1 Mesenteric fat. No significant differences were found between control and treated rats (P < 0.05, Dunnett's test). All values represent the mean ± S.D. No significant differences were found between control and treated rats (P < 0.05, Dunnett's test).
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Toxicology Reports 6 (2019) [272] [273] [274] [275] [276] [277] [278] thymus weights in both sexes. Chronic physiological and/or social stress can induce thymic atrophy, adrenal hypertrophy, and over-secretion of corticosterone [29] . We did not observe changes in adrenal gland weight or serum corticosterone in either sex or at any dose. Additionally, no remarkable histopathological findings were observed in the thymus.
In conclusion, a 90-day treatment with rabbiteye BBL powders appeared to be well-tolerated in Sprague-Dawley rats. No significant changes in clinical signs, hematology, blood chemistry, urinalysis, or histopathology were observed. Many 90-day repeated dose studies using rodents suggested a no-observed-adverse-effect level (NOAEL) according to the results obtained [30] . Our results indicated that a daily dose up to 2500 mg of BBL powder per kg body weight may therefore be a NOAEL. Acceptable daily intake represents a level of exposure "without appreciable health risk'' for humans when consumed daily or weekly over a lifetime, and is derived by applying an uncertainty factor of 100 to the NOAEL [31] . Therefore, the acceptable daily intake of BBL powder for humans is 25 mg in dry weight (ca. 100 mg in wet weight) per body weight. Recent studies have reported that leaves such as pumpkin, nutmeg and curry might exert several beneficial effects including anti-gastro toxic and anti-cholinesterase [32] [33] [34] . Therefore, we consider BBL powder also be another candidate for beneficial food material. To be a functional food, BBL powder must be shown to contain beneficial compounds. The next logical step is to characterize the detail constituents of whole BBL powder chemically in addition of phenolic acids, flavonoids and procyanidins, and then to design studies to evaluate if the administration improves certain health conditions or prevents the onset of adverse health conditions including diabetes, kidney disease and metabolic disorders.
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Table 7
Cytokine and corticosterone serum levels in rats administered blueberry leaf powder for 13 weeks.
